This article examines the influence of macroeconomic factors on personal income distribution in developing countries using a parametric modelling approach. The technique is based on the selection and estimation of a theoretical parametric model (a Dagum distribution) which fits accurately to the empirical income distributions of the countries examined. The parameters of the model specifically related to inequality are subsequently used as dependent variables in econometric models in order to examine the impact that certain macroeconomic variables (GDP growth, inflation, employment and real interest rates) have on inequality. The results reveal that GDP growth, employment rate and real interest rate are the macroeconomic factors with greater impact in shaping personal income distribution in developing countries. * Corresponding autor.
I. Introduction
The analysis of the impact that macroeconomic factors such as unemployment, inflation, growth and other variables have on personal income distribution is an area that has received much attention in economic literature (i.e. Kuznets, 1955; Bourguignon, 2003; Chen and Ravallion, 2010) . The purpose of this article is to contribute to this literature by examining the influence of macroeconomic factors on income distributions in the context of developing countries using a parametric modelling approach. This methodology facilitates an in-depth analysis of the simultaneous influence of macroeconomic variables on personal income distribution.
The methodology of the earliest studies in this line of research was a regressionbased approach based on estimating econometric models whose dependent variables were specific inequality measures or the proportion of total income received by certain quantiles of the total population and whose independent variables were macroeconomic factors 2 .
Yet, the use of a particular inequality index may limit the scope of the analysis as it measures a particular type of inequality and, consequently, the evidence obtained may depend on the particular index used. Similarly, the examination of income distribution based on the income share of a particular quantile is also incomplete because it focuses on a specific part of the population.
Seeking to overcome these deficiencies, Jäntti and Jenkins (2010) used in a recent contribution a new methodology based on parametric modelling approach for examining the effect of macroeconomic variables on income distribution using longitudinal data for the UK, refining the seminal studies regarding parametric models and macroeconomic factors of Thurow (1970) and Salem and Mount (1974) . Their methodology comprises two 3 stages. The first stage is concerned with the parametric modelling of the empirical personal income distribution on the basis of a theoretical functional form that provides a good fit to income data so that the characteristics of the distribution can be summarised in a small number of parameters. The second stage consists of econometric estimations of a multivariate linear regression model whose dependent variables are the estimated parameters of the theoretical distribution and whose regressors are macroeconomic factors.
This approach provides a more complete perspective of the distributive impacts of macroeconomic determinants in inequality than that obtained by using a specific inequality index, given that the effects of macroeconomic indicators on a full set of distributional measures (including income mean, median, quantiles, income shares, distribution tails and several inequality and poverty indices) can be examined because all this measures can be expressed as functions of the estimated parameters.
This article applies these new developments to the analysis of the determinants of income distribution in developing countries, a field where the evidence on the impact of the macroeconomic factors on inequality is rather scarce and inconclusive. Although we use a parametric modelling approach, a major difference with the methodology used by Jäntti and Jenkins (2010) is that the parameters of a Dagum model are employed here in order to examine the determinants of inequality of a cross-section of countries, whereas Jäntti and Jenkins (2010) used the Singh-Maddala model from a time series perspective for a single country. The choice of the Dagum distribution is based on the fact that, among other attractive properties (García and Prieto, 2011) , it is more flexible around the origin, the region where there is a larger proportion of data, and, therefore, could favour a better fit to the empirical distributions than the Singh-Maddala distribution (Kleiber, 1996) . We also obtain a different variance and covariance matrix of joint errors of the multivariate 4 linear regression model estimated in the second phase of econometric analysis. By adopting this new approach it is observed that growth, employment rates and real interest rates are the macroeconomic factors with greater impact on personal income distribution in developing countries.
The article is organised as follows. After the introduction, the second section reviews previous studies addressing the distributive effects of macroeconomic factors. The third section defines the methodology, comprising the most relevant aspects of the parametric modelling of personal income distributions and the estimation of econometric models in order to measure the impact of macroeconomic factors. The data on income distribution and macroeconomic indicators are described in the fourth section. The results obtained are presented in the fifth section. Finally, the main conclusions are expounded in the final section.
II. Literature review
One of the pioneer studies on the relationship between macroeconomic factors and inequality is Kuznets (1955) . According to Kuznets' hypothesis there is an inverted Ushaped relation between economic inequality and economic growth. Kuznets claimed that inequality increases during the early stages of economic development, when an economy experiences a structural shift away from agriculture towards industry. Subsequently, inequality falls as the workforce in the industrial sector grows and it diminishes in the agricultural sector. Yet, empirically, the relationship between growth and inequality is highly ambiguous. Consequently, a number of studies do not find a systematic relationship between income distribution and growth (i.e. Deininger and Squire, 1996; Fields, 1989; 5 Thornton, 2001) , although this lack of empirical relationship could be explained by measurement errors in data sources (Ravallion, 2003) 3 .
Another basic macroeconomic factor on which studies on inequality have focused is inflation. The effects of inflation on income distribution could work in opposite directions. If inflation rises, individuals may prefer to invest in financial instruments which offer a higher profitability than keeping liquid assets. Therefore, individuals with lower income levels should be most affected by the effect of inflation, as they have a lower investment capacity. However, inflation can also have a positive effect for individuals with scarce resources, given that in general they are also those more indebted and an increase in inflation tends to diminish the relative debt level. As in the case of the growth rate, the empirical evidence on the effect of inflation on inequality is rather mixed. Thus, whereas some studies find that the influence of inflation on inequality is not significant (Blinder and Esaki, 1978; Cutler and Katz, 1991) , others observe that higher inequality is apparently associated with higher inflation (see, e.g. Bulìř, 2001; Al-Marhubi, 2000) .
Regarding the influence of unemployment on income distribution, given that those individuals most affected by unemployment tend to be located in the middle and lower parts of the distribution, rising unemployment is expected to be associated with a higher income inequality. The empirical evidence regarding the effect of unemployment levels on inequality is actually rather conclusive. Thus, Blank and Blinder (1986) , Cutler and Katz (1991) and Castañeda, Díaz-Giménez and Ríos-Rull (1998) find that unemployment has a statistically significant negative effect on the total income share of the poorer population in the United States.
3 On the contrary, there is less ambiguity in the relationship between growth and poverty, an area where a large number of studies have been conducted (for a review, see Chen and Ravallion, 2010) .
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Finally, the relationship between inequality and interest rates is theoretically more complex because of the different effects of interest rates on credit markets depending on the level of development and the transmission mechanisms of monetary policy in each country (see, for example, Aghion and Bolton, 1997 and Piketty, 1997) . Empirically, the evidence on the impact of interest rates on inequality is rather mixed. Thus, whereas Milanovic (2005) finds that an increase in real interest rates gives rise to mechanisms that increase inequality in developing countries, Jäntti and Jenkins (2010) show that the real interest rate is not a significant determinant of the evolution of inequality for the UK.
III. Methodology
In this section, the methodology used in order to analyse how macroeconomic factors influence personal income distribution is presented. This methodology is based, firstly, on the parametric modelling of personal income distribution and, secondly, on the use of the estimated parameters to study the distributive consequences derived from the variation in particular macroeconomic variables. The most relevant aspects of each of these stages are described below.
Parametric modelling of personal income distribution
The first phase of the methodology consists of fitting a parametric model to the empirical distribution of income data. This parametric approach assumes that income distribution can be represented by a member of the group of perfectly-specified continuous distribution functions, except for a vector of unknown parameters. One member of this group, the three-parameter Dagum distribution (Dagum, 1977) , was selected due to its highly attractive properties. On the one hand, it is invertible and, therefore, it has a closedform expression for its distribution function (Kleiber, 1996) , which is useful to obtain analytic expressions of some distributional statistics such as the quantile function and to easily conduct simulation. In addition, it has been empirically proved that with a lower number of parameters it provides a fit as good as tetraparametric distributions (McDonald, 1984) . Finally, the Dagum model is more flexible in the part of the distribution where there are a greater number of observations, the region around the origin, and could provide a better fit than other three-parameter distributions such as the Singh-Maddala distribution (Kleiber, 1996) . Some examples of this better performance of the Dagum model may be found in McDonald and Xu (1995) and Victoria-Feser (1995 and .
The Dagum distribution has the following functional form:
where b is a scale parameter and a and p are inequality parameters.
Focusing on the influence and the economic interpretation of the parameters related to inequality 4 , parameter a is inversely related to the level of inequality and poverty and it affects mainly the right tail of income distribution. In particular, an increase in this parameter implies a transfer of income from the richest segments to the rest of the distribution. In turn, parameter p affects mostly the lower percentiles of the distribution.
Specifically, an increase in this parameter implies that individuals with lower income receive a transfer of income from the rest of the percentiles, generating a decrease in inequality and poverty. (that is, the Lorenz curve under the Dagum model).
The modelling process is completed with the analysis of the goodness-of-fit in order to confirm whether the model is suitable. For this purpose, a Kolmogorov-Smirnov statistic (defined in this case as the supremum between the empirical Lorenz curve and the 9 Lorenz curve under the Dagum model) and the correlation coefficient between the sample Lorenz curve and the Lorenz curve estimated using the Dagum model will be used.
Econometric models
The second stage of the methodology is concerned with analysing econometrically the impact of particular macroeconomic variables on the parameters of the Dagum distribution that are directly related to inequality, a and p. The econometrics analysis in this article applies the efficient method of estimating seemingly unrelated regressions (SUR) proposed by Zellner (1962) . As will became clear later, one main advantage of this formulation is that it allows to introduce the variance-covariance matrix of a y p estimators obtained in the first stage 6 .
Let us assume that the performance of the Dagum parameter a may be summarised in the following model: Similarly, the equation of the Dagum parameter p may be written as: Thus, the two equations describing the behaviour of Dagum parameters could be expressed in function of the sample estimates of these parameters but its sampling variability should be introduced 7 . As Jäntti and Jenkins (2010) propose, we use a SUR system in order to incorporate the variances and covariances of the Dagum parameter estimators obtained in the first stage.
The SUR system can be written as:
where ˆ is a 2N-vector consisting of Â , the N-vector of the estimates of the Dagum parameter a, and P , the N-vector of the estimates of Dagum parameter p, staked vertically.
The matrix Z is a 2Nx2k block-diagonal matrix. The diagonal blocks are X, the regressor matrix.
The vector is  a 2k-vector consisting of the vectors a  and p  stacked vertically.
Finally,  is the 2N-vector of error terms associated to two equations and  is the 2N vector of error terms associated to the Dagum parameters estimators.
The variance-covariance matrix of  would be expressed as:
with  being the 2x2 variance and covariance matrix of the perturbations of the two equations for a given country. The elements on the main diagonal are 11  and 22  . The possibility that the error terms may be correlated across equations is considered assuming that the off-diagonal element, 12  , is not equal to zero.
Assuming independence between  and  , the variance-covariance matrix of joint perturbations would be: 
IV. Data
The empirical analysis is conducted on a sample of developing countries for which two types of data are available: data on personal income distribution and macroeconomic indicators. The distributional data for these countries in terms of income distribution (or expenditure, depending on data availability) have been obtained from "PovcalNet" GDP growth rate is measured as the annual percentage growth rate of GDP at market prices based on constant local currency. Inflation is measured by the annual growth rate of the GDP implicit deflator. In order to examine the influence of the labour market on income distribution, as information on unemployment rates is not available for all countries, the employment rate is used, defined as the proportion of the country's workingage population (usually individuals of 15 years and older are considered) that is employed.
Finally, the interest rate indicator employed is the real interest rate, which is the lending interest rate adjusted for inflation as measured by the GDP deflator. 10.95%). In turn, the GDP growth is also high and heterogeneous (with an average of 7.28%, a standard deviation of 6.05%) and the same is observed for the real interest rate for the group of countries in the sample (with an average of 8.65 and a standard deviation of 10.32%). As regards the characteristics of income distribution, inequality is, on average, quite significant, although considerable differences are found across countries (the Gini index presents an average of 42.5 and a standard deviation of around 10).
V. Results
This section presents the results of the empirical examination of the effect of macroeconomic factors on inequality in developing countries. As previously mentioned, the first step in the analysis consists of the estimation through non-linear least squares of the parameters of the theoretical Dagum model separately for each country, departing from the income/consumption shares by deciles based on Lorenz curves. The estimation is limited to those parameters of the distribution, a and p, that influence the Lorenz curve and, hence, inequality. Table 1 [ Table 1 here]
The second step in the analysis consists of the estimation of the econometric model in order to examine the effect on income distribution of the macroeconomic factors (GDP growth rate, inflation rate, employment rate and the real interest rate). To this respect, Table 2 shows the results of the estimation of the seemingly unrelated regression equations system.
[ Table 2 here]
In general, the regressors exhibit a significant joint explanatory power in both equations, although particularly in the equation related to the parameter a of the Dagum distribution. In this last case, the F statistic allows to reject the null hypothesis of zero significance for all the regressors in the equation at 5%. In the case of the parameter p, the corresponding F statistic is above the critical value of the 10% level of significance. With respect to the individual significance of the regressors, the results reveal that GDP growth rate and employment rate are significant variables in the determination of parameter a and that real interest rate is a significant variable in the equation of parameter p. More specifically, the sign of the coefficients of these variables suggest that increases in both employment rate and real interest rate tend to increase inequality (given that parameters a and p decrease), whereas a higher GDP growth is associated with a lower inequality (considering its positive impact on parameter a). On the contrary, according to these findings, the inflation rate does not seem to have a significant impact on inequality 11 .
Additionally, the distributive effects of the macroeconomic variables can be Beginning with the analysis of the impact of the GDP growth rate, the evidence confirms that an increase in the growth rate significantly reduces the level of inequality measured through the Gini index and that GDP growth is the variable with the greatest influence on the level of inequality. Accordingly, an increase in the growth rate generates increases in the shares of total income of the first three quartiles of the distribution and a 12 For example, in the case of the relationship between the Gini index and employment, knowing that the Gini index is a function of the parameters a and p
, and as a and p are unknown, we will substitute them with the FGLS estimation of the SUR model. By substituting the values of the employment rate in the expression of the Gini index and maintaining the rest of the variables constant, we can examine how the variations in the employment rate affect the Gini index. decrease in the share of the richest 25% of the population. Moreover, these variations are apparently more significant when developing countries have low growth rates, suggesting the presence of a non-linear effect of this variable.
As regards the influence of the inflation rate on income distribution, it can be observed that an increase in the rate of inflation causes very little variation in the Gini index. The low influence of this variable on inequality coincides with the results in Table   2 , given that the inflation rate is not a significant variable when explaining none of the Dagum parameters. Consequently, the shares of the total income of the different quartiles hardly fluctuate when the level of inflation varies.
According to this evidence, an increase in the rate of employment is associated with a slight increase in the levels of inequality in developing countries. This result is consistent with the fact that whereas the income share of the fourth quartile tends to increase when the employment rate increases, those of the first and second quartiles remain almost constant and the income share of the third quartile diminishes.
Finally, the evidence confirms that, as suggested by the negative sign of the coefficient of the real interest rate on the equations describing the Dagum parameters (Table 2) , real interest rates have a significant positive impact on inequality. Therefore, when real interest rates rise, inequality increases and, accordingly, the income share of the most disadvantaged quartiles diminishes and that of the richest quartile increases.
Moreover, the impact seems more severe at higher interest rate levels.
VI. Conclusions
The aim of this article is to examine the effect of macroeconomic factors on personal income distribution in developing countries, a field where previous evidence is scarce and inconclusive. The empirical analysis is based on the estimation of parameters of a theoretical model, which provides a good fit to empirical income distributions and their subsequent use, as dependent variables, in econometric models that include macroeconomic variables such as inflation, employment rate, growth and real interest rates as regressors. This approach provides a more accurate perspective than that obtained through the standard use of a specific inequality index, as is usual in previous related studies.
The results of the first stage of the empirical analysis show that the theoretical parametric Dagum model provides an excellent fit to the empirical income distribution of developing countries and that the parameter estimations are fairly precise for each country.
The second stage of the analysis confirms that the macroeconomic variables included in the model are jointly significant in the explanation of the parameters of the model and that GDP growth, employment rate and real interest rate are the variables with the greatest impact on the Dagum parameters which affect inequality. At this point, it is important to note that this finding contrasts with the empirical evidence of previous studies regarding the lack of a systematic relationship between growth and inequality. On the contrary, according to the obtained empirical evidence, inflation rate is not a significant variable when explaining Dagum inequality parameters in developing countries. This finding is consistent with the mixed evidence of previous studies on the effect of inflation on inequality.
The subsequent use of the econometric estimations with the aim to evaluate the impact of the macroeconomic factors in different distributional statistics of the distribution (the Gini index and the income shares of the four quartiles of the distribution) confirm that growth and real interest rates are factors with a significant distributive influence. More 20 specifically, higher growth rates are associated with a decrease in the Gini index and an increase in the shares of total income of the most disadvantaged population segments. On the contrary, increases in real interest rates give rise to an increase in inequality in developing countries.
Overall, the results obtained suggest that pro-growth structural reforms as well as policies aimed at decreasing real interest rates can lead to decreasing income disparities in the context of developing countries in a period of economic growth. Consequently, policymakers in developing countries can find possible trade-offs between simultaneous strategies that pursue efficiency and equality and the benefits of economic growth can favour the disadvantaged. On the contrary, policies to control the inflation have not a clear effect on the inequality in developing countries and can have opposite effects depending on the specific characteristics of each economy. 
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